Introduction {#tca13450-sec-0005}
============

Breast cancer (BRCA) is the most frequent type of malignancy in women,[1](#tca13450-bib-0001){ref-type="ref"}, [2](#tca13450-bib-0002){ref-type="ref"} with a global burden of more than two million new cases (11.6% of all new cancer cases) and over 626 thousand deaths (6.6% of all cancer deaths) in 2018.[3](#tca13450-bib-0003){ref-type="ref"}, [4](#tca13450-bib-0004){ref-type="ref"} With regard to the molecular typing of BRCA, it is categorized into four intrinsic subtypes based on the presence or absence of molecular markers for estrogen or progesterone receptors (ER or PR) and human epidermal growth factor 2 (ERBB2; formerly HER2): luminal A (ER+, PR+/−, HER2--), luminal B (ER+, PR+/−, HER2+), HER2‐enriched (ER--, PR--, HER2+), and basal‐like plus normal‐like subtype (including triple‐negative breast cancer: ER--, PR--, HER2--).[5](#tca13450-bib-0005){ref-type="ref"}, [6](#tca13450-bib-0006){ref-type="ref"} To eradicate tumor from the breast (nonmetastatic breast cancer) or prolong life and symptom palliation (metastatic breast cancer), local therapy and systemic therapy are typical therapeutic approaches for breast cancer treatment.[6](#tca13450-bib-0006){ref-type="ref"} As a kind of local therapy, pre‐/postoperative radiotherapy plays a pivotal role in BRCA treatment but its efficacy remains limited and plagued by the emergence of radiation resistance, which aggravates prognosis.[7](#tca13450-bib-0007){ref-type="ref"} A wide spectrum of obstacles, such as cancer stem cells, tumor heterogeneity, angiogenesis and expression alterations of various tumor‐promoting/suppressing proteins and non‐coding RNAs (ncRNAs) contribute to the resistant phenotypes.[8](#tca13450-bib-0008){ref-type="ref"}

A surprising finding about the ENCODE project is that ncRNAs corresponds to \>97% of the human genome.[9](#tca13450-bib-0009){ref-type="ref"} At present, ncRNAs are divided into two groups according to their sizes: small ncRNAs (\<200 nt) and long ncRNAs (lncRNAs) (\>200 nt).[10](#tca13450-bib-0010){ref-type="ref"}, [11](#tca13450-bib-0011){ref-type="ref"} It is acknowledged that many lncRNAs have been defined as oncogenes and tumor suppressors in a wide variety of solid tumors and hematological malignancies.[12](#tca13450-bib-0012){ref-type="ref"} The lncRNA HOX transcript antisense RNA (HOTAIR) which was first found to be highly expressed in breast cancer (BRCA) is a prime example of an oncogenic trans‐acting lncRNA. HOTAIR reprograms chromatin state to promote invasion and metastasis via recruitment of histone modification complexes polycomb repressive complex 2 (PRC2) and lysine specific demethylase 1 (LSD1) to its target genes in breast cancer.[13](#tca13450-bib-0013){ref-type="ref"}, [14](#tca13450-bib-0014){ref-type="ref"}, [15](#tca13450-bib-0015){ref-type="ref"} It has been reported that knockdown of HOTAIR inhibited breast cancer cell proliferation, increased apoptosis and inhibited cell cycle progression in vitro.[16](#tca13450-bib-0016){ref-type="ref"} However, the mechanisms underlying the radioresistant function mediated by HOTAIR in breast cancer are far from clear.

MicroRNAs (miRNAs) are a class of small ncRNAs containing approximately 19--25 nucleotides. MiRNAs post‐transcriptionally modulate gene expression through binding to the 3′‐untranslated region (3′‐UTR) of target mRNAs.[17](#tca13450-bib-0017){ref-type="ref"} Numerous reports show that miR‐449b‐5p plays a crucial role in multiple diseases such as cancer, reproductive system diseases, viral infection, Parkinson's disease, diabetes and development.[18](#tca13450-bib-0018){ref-type="ref"}, [19](#tca13450-bib-0019){ref-type="ref"}, [20](#tca13450-bib-0020){ref-type="ref"}, [21](#tca13450-bib-0021){ref-type="ref"}, [22](#tca13450-bib-0022){ref-type="ref"}, [23](#tca13450-bib-0023){ref-type="ref"}, [24](#tca13450-bib-0024){ref-type="ref"} It acts as a significant tumor suppressive gene in various cancer types.[25](#tca13450-bib-0025){ref-type="ref"} However, the role of miR‐449b‐5p in HOTAIR‐mediated radiation resistance of breast cancer remains unclear.

Heat shock protein family A (Hsp70) member 1A (HSPA1A), the major stress‐inducible member of the 70 kDa stress protein family, is found in nearly all subcellular compartments of nucleated cells where they fulfil chaperoning functions.[26](#tca13450-bib-0026){ref-type="ref"}, [27](#tca13450-bib-0027){ref-type="ref"}, [28](#tca13450-bib-0028){ref-type="ref"} It facilitates protein folding, translocation, and the assembly of intracellular protein, which may protect against various ambient challenges such as an increase in temperature as well as other environmental stresses.[29](#tca13450-bib-0029){ref-type="ref"} Another remarkable signature is that HSPA1A is overexpressed in a large variety of tumor types.[30](#tca13450-bib-0030){ref-type="ref"}, [31](#tca13450-bib-0031){ref-type="ref"} Hsp70 and Hsp90 mediate the conformation regulation of p53 DNA binding domain and p53 cancer variants.[32](#tca13450-bib-0032){ref-type="ref"} HSPA1A can serve as a theranostic target for cancer therapy.[28](#tca13450-bib-0028){ref-type="ref"}, [33](#tca13450-bib-0033){ref-type="ref"} Nevertheless, whether lncRNA HOTAIR is implicated in the elevation of HSPA1A in radioresistance of breast cancer is poorly understood.

The aim of the present study was to determine whether lncRNA HOTAIR modulated the radiosensitivity of breast cancer through HSPA1A. Expectedly, our data indicated that HOTAIR post‐transcriptionally increases HSPA1A expression by sequestering miR‐449b‐5p and thereby confers the radiation resistance on breast cancer. Our findings provide new insights into the mechanism by which lncRNAs modulate tumor radiosensitivity.

Methods {#tca13450-sec-0006}
=======

Patient specimens {#tca13450-sec-0007}
-----------------

In order to test the expression levels of HOTAIR, miR‐449b‐5p as well as HSPA1A mRNA, a total of 20 paired breast carcinoma and their adjacent normal breast specimens were collected from patients receiving excision of breast tumors in Tianjin Tumor Hospital (Tianjin, China). The basic patient information derived from the medical records is provided in Table S1. The informed consent for the study purposes was obtained from each patient, and the study was approved by the Institute Research Ethics Committee at Institute of Radiation Medicine, Chinese Academy of Medical Sciences and Peking Union Medical College (IRM‐PUMC).

Cell lines and cell culture {#tca13450-sec-0008}
---------------------------

Human breast cancer cell lines, MCF‐7, T47D, LM‐MCF‐7,[34](#tca13450-bib-0034){ref-type="ref"} BT‐474, SKBR‐3 and MDA‐MB‐231 were maintained in RPMI medium 1640 (Gibco, USA). Media were supplemented with 10% fetal bovine serum (FBS, Gibco, USA), 100 U/mL penicillin and 100 mg/mL streptomycin in 5% CO~2~ at 37°C.

Irradiation {#tca13450-sec-0009}
-----------

An Exposure Instrument Gammacell‐40 ^137^Cs‐irradiator (Atomic Energy of Canadian Inc., Mississauga, Canada) at a dose rate of 0.88 Gy/minute was used for all experiments.

Statistical analysis {#tca13450-sec-0010}
--------------------

Each experiment was repeated at least three times. Statistical significance was assessed by comparing mean values (± S.D.) using a Student\'s *t‐*test for independent groups and was assumed for \*, *P* \< 0.05; \*\*, *P* \< 0.01; \*\*\*, *P* \< 0.001, and no significance (NS). The expression levels of HOTAIR, miR‐449b‐5p and HSPA1A in BRCA tumor tissues and their adjacent normal breast tissues were compared through the Wilcoxon\'s signed‐rank test. Associations between expression levels of the two of HOTAIR, miR‐449b‐5p and HSPA1A in BRCA tumor tissues were assayed by Pearson\'s correlation assay.

Results {#tca13450-sec-0011}
=======

HOTAIR endows breast cancer with radiation resistance {#tca13450-sec-0012}
-----------------------------------------------------

Using the Gene Expression Profiling Interactive Analysis (GEPIA) (<http://gepia.cancer-pku.cn/>) database, we determined that oncogenic long non‐coding RNA HOTAIR, representing high expression level in the vast majority of cancers, was most highly expressed in BRCA among all cancer types and its expression level in tumor tissues was much higher than that in normal tissues (Fig [1](#tca13450-fig-0001){ref-type="fig"}a,b), but it also prompted poor prognosis of BRCA patients (Fig [1](#tca13450-fig-0001){ref-type="fig"}c). Moreover, qRT‐PCR analysis confirmed that expression levels of HOTAIR in 20 cases of breast tumor tissues were much higher than those in the adjacent normal tissues (*P* \< 0.001, Wilcoxon\'s signed‐rank test, Fig [S1](#tca13450-supitem-0002){ref-type="supplementary-material"}a). These findings implied that HOTAIR might be a key initiator of the malignant phenotype of BRCA. Accordingly, we supposed that HOTAIR might modulate the radiosensitivity of BRCA. Taking the molecular subtypes into account, we first examined the endogenous HOTAIR expression in BRCA cell lines, including MCF‐7, T47D, LM‐MCF‐7 (luminal A), BT‐474 (luminal B), SKBR‐3 (HER2‐enriched) and MDA‐MB‐231 (triple‐negative breast cancer), by qRT‐PCR. The data showed that T47D harbored the highest levels of HOTAIR while SKBR‐3 harbored the lowest of that (Fig [1](#tca13450-fig-0001){ref-type="fig"}d). Next, we evaluated the impact of HOTAIR on the radiosensitivity of the two cell lines using CCK‐8 assay. The data revealed that cell viability of T47D displayed no significant difference with or without a 10 Gy γ‐irradiation exposure, whereas that of SKBR‐3 dropped markedly after the same irradiation treatment (Fig [1](#tca13450-fig-0001){ref-type="fig"}e,f). Colony formation assay showed the same results (Figs [1](#tca13450-fig-0001){ref-type="fig"}g and [S1](#tca13450-supitem-0002){ref-type="supplementary-material"}b). CCK‐8 assay also indicated that the radiosensitivities of BRCA cells belonging to different subtypes were SKBR‐3 \> BT‐474 \> MCF‐7 \> MDA‐MA‐231 under the time‐ and dose‐dependent irradiation treatment condition, which was negatively associated with the internal HOTAIR levels (Fig [S1](#tca13450-supitem-0002){ref-type="supplementary-material"}c,d). We further explored the relationship between HOTAIR and the radiosensitivity of BRCA cells in MDA‐MB‐231 and MCF‐7 which harbor the moderate levels of HOTAIR. Not surprisingly, CCK‐8 assay showed that HOTAIR overexpression significantly enhanced the proliferation capacity of the two cells in a time‐dependent manner after the exposure to 10 Gy γ‐irradiation (Fig [1](#tca13450-fig-0001){ref-type="fig"}h,i). On the contrary, silencing HOTAIR in MDA‐MB‐231 and MCF‐7 cells led to the decrease of cell proliferation ability time‐dependent under the same conditions (Fig [1](#tca13450-fig-0001){ref-type="fig"}j,k), indicating that HOTAIR expression positively relates to the radioresistance of BRCA cells. Furthermore, CCK‐8 assay under dose‐dependent irradiation condition and colony formation assay under a 6 Gy irradiation treatment showed similar outcomes (Figs [1](#tca13450-fig-0001){ref-type="fig"}l--n and [S1](#tca13450-supitem-0002){ref-type="supplementary-material"}e--g). Collectively, our findings demonstrated that oncogenic lncRNA HOTAIR favors the radioresistance of BRCA cells.

![HOTAIR endows breast cancer with radiation resistance. (**a**--**c**) The expression profile of HOTAIR in different cancer types and the corresponding normal tissues (**a**), the relative HOTAIR levels in breast cancer tissues and normal breast tissues (![](TCA-11-1801-g008.jpg "image")) Tumour, (![](TCA-11-1801-g009.jpg "image")) Normal (**b**) and the relationship between HOTAIR levels and overall survival of BRCA patients (![](TCA-11-1801-g010.jpg "image")) Tumour, (![](TCA-11-1801-g011.jpg "image")) Normal (**c**) were obtained from the GEPIA database. (![](TCA-11-1801-g012.jpg "image")) Low HOTAIR TPM, (![](TCA-11-1801-g013.jpg "image")) High HOTAIR TPM (**d**) The relative abundance of HOTAIR in different BRCA cells was determined by real‐time PCR. (**e** and **f**) CCK‐8 assay was used to measure the cell viability of T47D (**e**) (![](TCA-11-1801-g014.jpg "image")) 0 Gy, (![](TCA-11-1801-g015.jpg "image")) 10 Gy and SKBR‐3 (**f**) after 0 or 10 Gy irradiation treatment. (![](TCA-11-1801-g016.jpg "image")) 0 Gy, (![](TCA-11-1801-g017.jpg "image")) 10 Gy (**g**) Colony formation assay was used to measure the proliferative ability of T47D and SKBR‐3 after 6 Gy irradiation treatment. (**h** and **i**) MDA‐MB‐231 and MCF‐7 cells were transfected with pcDNA3.1/pcDNA3.1‐HOTAIR 12 hours before the irradiation treatment, CCK‐8 assay was used to measure the cell viability after 10 Gy irradiation treatment. (![](TCA-11-1801-g018.jpg "image")) pcDNA3.1, (![](TCA-11-1801-g019.jpg "image")) pcDNA3.1‐HOTAIR (**j** and **k**) MDA‐MB‐231 and MCF‐7 cells were transfected with siRNA Ctrl/si‐HOTAIR 12 hours before the irradiation treatment, CCK‐8 assay was used to measure the cell viability after 10 Gy irradiation treatment. ; (![](TCA-11-1801-g020.jpg "image")) siRNA Ctrl, (![](TCA-11-1801-g021.jpg "image")) HOTAIR siRNA; (**l** and **m**) MDA‐MB‐231 cells were transfected with pcDNA3.1/pcDNA3.1‐HOTAIR (**l**) or siRNA Ctrl/si‐HOTAIR (![](TCA-11-1801-g022.jpg "image")), pcDNA3.1, (![](TCA-11-1801-g023.jpg "image")) pcDNA3.1‐HOTAIR (**m**) 12 hours before the irradiation treatment, CCK‐8 assay was used to measure the cell viability after 0, 15, 20 and 25 Gy irradiation treatment. (![](TCA-11-1801-g024.jpg "image")) siRNA Ctrl, (![](TCA-11-1801-g023.jpg "image") ![](TCA-11-1801-g025.jpg "image")) HOTAIR siRNA (**n**) MCF‐7 cells were transfected with pcDNA3.1 + siRNA Ctrl/pcDNA3.1‐HOTAIR/si‐HOTAIR 12 hours before the irradiation treatment, then colony formation assay was used to measure the proliferative ability after 6 Gy irradiation treatment. Data are shown as mean ± SD of three independent experiments. Statistical significant differences are indicated: \*, *P* \< 0.05; \*\*, *P* \< 0.01; Student\'s *t*‐test.](TCA-11-1801-g001){#tca13450-fig-0001}

HOTAIR upregulates the stress‐inducible oncogene HSPA1A in BRCA cells {#tca13450-sec-0013}
---------------------------------------------------------------------

Considering that radiation exposure is a typical stress‐inducing event to organisms,[35](#tca13450-bib-0035){ref-type="ref"} we supposed that the HOTAIR‐mediated radiation resistant effect might work through the stress response signaling pathways in cells. There is growing evidence that heat shock protein family plays crucial roles in countering with environmental challenges.[29](#tca13450-bib-0029){ref-type="ref"} Given that HSPA1A is the major stress‐inducible member of the 70 kDa stress protein family and it is overexpressed in a large variety of tumor types,[30](#tca13450-bib-0030){ref-type="ref"}, [31](#tca13450-bib-0031){ref-type="ref"} we searched the GEPIA and Kaplan‐Meier Plotter database (<http://gepia.cancer-pku.cn/>; <http://kmplot.com/analysis/index>.php?p = service&cancer = breast&tdsourcetag = s_pcqq_aiomsg) for the expression profile of HSPA1A. Intriguingly, HSPA1A was highly expressed in BRCA and its expression level in tumor tissues was much higher than that in normal tissues (Fig [2](#tca13450-fig-0002){ref-type="fig"}a,b). In parallel, BRCA patients carrying high level of HSPA1A also experienced poor prognosis (Fig [2](#tca13450-fig-0002){ref-type="fig"}c). Therefore, we investigated the expression of HSPA1A in clinical BRCA specimens. As expected, qRT‐PCR analysis displayed that the mRNA levels of HSPA1A were markedly increased in 20 cases of BRCA tissues relative to their corresponding normal tissues (*P* \< 0.001, Wilcoxon\'s signed‐rank test, Fig [2](#tca13450-fig-0002){ref-type="fig"}d) and the levels of HOTAIR were positively correlated with those of HSPA1A in clinical BRCA tissues (R = 0.5391, *P* \< 0.05, Pearson\'s correlation test, Fig [2](#tca13450-fig-0002){ref-type="fig"}e), suggesting that HOTAIR may upregulate HSPA1A in BRCA cells. Accordingly, we evaluated the relationship between HOTAIR and HSPA1A in BRCA cells. Interestingly, overexpression of HOTAIR led to upregulation of HSPA1A mRNA in MDA‐MB‐231 and MCF‐7 cells, particularly, the protein levels of HSPA1A elevated in a dose‐dependent manner following 10 Gy irradiation treatment (Fig [2](#tca13450-fig-0002){ref-type="fig"}f--h). Inversely, inhibition of HOTAIR by siRNA caused the reduction at the mRNA level and a dose‐dependent decrease at the protein level of HSPA1A in MDA‐MB‐231 and MCF‐7 cells (Fig [2](#tca13450-fig-0002){ref-type="fig"}i--k). Thus, we concluded that HOTAIR upregulates the stress‐induced oncogene HSPA1A in irradiated BRCA cells.

![HOTAIR upregulates the stress‐inducible oncogene HSPA1A in BRCA cells. (**a** and **b**) The abundance of HSPA1A in different cancer types and the corresponding normal tissues (**a**) and the relative HSPA1A levels in breast cancer tissues and normal breast tissues (![](TCA-11-1801-g026.jpg "image")) Tumour, (![](TCA-11-1801-g027.jpg "image")) Normal (**b**) were obtained from the GEPIA database. (![](TCA-11-1801-g028.jpg "image")) Tumour, (![](TCA-11-1801-g029.jpg "image")) Normal (**c**) The relationship between HSPA1A levels and overall survival of BRCA patients was explored by searching the Kaplan‐Meier Plotter database. (![](TCA-11-1801-g030.jpg "image")) Low, (![](TCA-11-1801-g031.jpg "image")) High (**d**) The expression of HSPA1A at mRNA level in 20 cases of clinical BRCA tissues and their paired peritumor tissues (*P* \< 0.001, Wilcoxon\'s signed‐rank test) was examined by real‐time PCR analysis. (**e**) The correlation of HSPA1A and HOTAIR mRNA levels in 20 cases of clinical BRCA tissues was measured by real‐time PCR and analyzed by Pearson\'s correlation (R = 0.5391, *P* \< 0.05). (**f**--**h**) The levels of HSPA1A mRNA (**f**) and protein (**g** and **h**) in irradiated BRCA cell lines MDA‐MB‐231 and MCF‐7 after the transfection of pcDNA3.1/pcDNA3.1‐HOTAIR were tested by RT‐PCR and western blot analysis, respectively. The relative expression levels of HSPA1A in three independent experiments were statistically analyzed by measuring the gray value of each band using Image J software. (**i**--**k**) The levels of HSPA1A mRNA (**i**) and protein (**j** and **k**) in irradiated BRCA cell lines MDA‐MB‐231 and MCF‐7 after the transfection of siRNA Ctrl/si‐HOTAIR were tested by RT‐PCR and western blot analysis, respectively. The relative expression levels of HSPA1A in three independent experiments were statistically analyzed by measuring the gray value of each band using Image J software. Data are shown as mean ± SD of three independent experiments. Statistical significant differences are indicated: \*, *P* \< 0.05; \*\*, *P* \< 0.01; \*\*\*, *P* \< 0.001; Student\'s *t*‐test.](TCA-11-1801-g002){#tca13450-fig-0002}

miR‐449b‐5p suppresses the expression of HSPA1A by targeting the mRNA 3′‐UTR of HSPA1A {#tca13450-sec-0014}
--------------------------------------------------------------------------------------

Given that lncRNAs can serve as molecular sponges to sequester miRNAs,[10](#tca13450-bib-0010){ref-type="ref"}, [36](#tca13450-bib-0036){ref-type="ref"} we assumed that HOTAIR might regulate the expression of HSPA1A through miRNAs. Therefore, we predicted the potential targeting miRNAs of HSPA1A by bioinformatic analysis (Targetscan: <http://www.targetscan.org/vert_72/>, miRDB: <http://www.mirdb.org/> and miRWalk: http:// mirwalk. Umm.uni‐heidelberg.de/). Fortunately, we noticed that miR‐449b‐5p, a miRNA playing tumor‐suppressive roles in various cancer types, was one of the candidates with the ability to bind with the 3′‐UTR of HSPA1A mRNA (Fig [3](#tca13450-fig-0003){ref-type="fig"}a). Exhilaratingly, the predicted interaction between HOTAIR and miR‐449b‐5p on Bielefeld Bioinformatics Service (<http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/submission.html>) gave a cue that HOTAIR could potentially bind with miR‐449b‐5p through complementary base‐paring reactions (Fig [3](#tca13450-fig-0003){ref-type="fig"}b). Thus, we preliminarily selected miR‐449b‐5p as the target miRNA for subsequent investigations. We then assayed the expression levels of miR‐449b‐5p in clinical BRCA samples and their paired normal breast tissues, and found that miR‐449b‐5p represented a lower expression in BRCA tissues than that in normal breast tissues (*P* \< 0.001, Wilcoxon\'s signed‐rank test, Fig [3](#tca13450-fig-0003){ref-type="fig"}c). The expression relationship between HSPA1A and miR‐449b‐5p showed a converse correlation in BRCA tissues (R = − 0.6204, *P* \< 0.01, Pearson\'s correlation, Fig [3](#tca13450-fig-0003){ref-type="fig"}d), indicating that miR‐449b‐5p may restrain the expression of HSPA1A. Based on the bioinformatics prediction, we synthesized the fragments harboring the miR‐449b‐5p binding site in the 3′‐UTR of HSPA1A mRNA and the corresponding mutant, and inserted them into the luciferase reporter gene vector pGL3‐control to create the pGL‐HSPA1A and pGL‐HSPA1A‐mut constructs respectively (Fig [3](#tca13450-fig-0003){ref-type="fig"}a). Luciferase reporter gene assays revealed that miR‐449b‐5p decreased the luciferase activities of pGL‐HSPA1A in MDA‐MB‐231 and MCF‐7 cells after the stimulation of γ‐irradiation in a dose‐dependent fashion, but not for pGL‐HSPA1A‐mut (Fig [3](#tca13450-fig-0003){ref-type="fig"}e,f). On the contrary, transfection of miR‐449b‐5p inhibitors increased the luciferase activities of pGL‐HSPA1A in above cells dose‐dependently, rather than pGL‐HSPA1A‐mut (Fig [3](#tca13450-fig-0003){ref-type="fig"}g,h), suggesting that miR‐449b‐5p indeed bind to the 3′‐UTR of HSPA1A mRNA. Moreover, real‐time PCR and western blot analysis revealed that miR‐449b‐5p was able to repress the expression of HSPA1A at the mRNA and protein levels dose‐dependently in MDA‐MB‐231 and MCF‐7 cells after exposed to γ‐irradiation (Fig [4](#tca13450-fig-0004){ref-type="fig"}a,b), whereas the converse result was achieved when the cells were treated with anti‐miR‐449b‐5p (Fig [4](#tca13450-fig-0004){ref-type="fig"}c,d). Collectively, miR‐449b‐5p suppresses the expression of HSPA1A by targeting the 3′‐UTR of HSPA1A mRNA.

![miR‐449b‐5p suppresses the expression of HSPA1A by targeting the mRNA 3′‐UTR of HSPA1A. (**a**) A schematic representation for the predicted binding site of miR‐449b‐5p in the 3′‐UTR of HSPA1A mRNA. The HSPA1A mRNA 3′‐UTR fragment containing the wild‐type or mutant of miR‐449b‐5p binding site was synthetized and inserted into the downstream of the luciferase reporter gene in pGL3‐control vector. (**b**) A schematic model depicting the interaction between HOTAIR and miR‐449b‐5p via complementary base‐pairing was obtained from the bioinformatic prediction of Bielefeld Bioinformatics Service. The mutant sites were indicated. (**c**) Real‐time PCR analysis was performed to evaluate the expression levels of miR‐449b‐5p in 20 paired of clinical BRCA tissues and the corresponding normal tissues (*P* \< 0.001, Wilcoxon\'s signed‐rank test). (**d**) The correlation between HSPA1A mRNA and miR‐449b‐5p levels was determined by real‐time PCR in 20 clinical BRCA tissues (*P* \< 0.01, R = −0.6204, Pearson\'s correlation coefficient). (**e** and **f**) The effects of miR‐449b‐5p on reporters of pGL‐HSPA1A‐wt and pGL‐HSPA1A‐mut in irradiated MDA‐MB‐231 (**e**) and MCF‐7 (**f**) cell lines were measured by luciferase reporter gene assays. (**g** and **h**) The effects of anti‐miR‐449b‐5p on reporters of pGL‐HSPA1A‐wt and pGL‐HSPA1A‐mut in irradiated MDA‐MB‐231 (g) and MCF‐7 (**h**) cell lines were examined by luciferase reporter gene assays. Data are shown as mean ± SD of three independent experiments. Statistical significant differences are indicated: \*, *P* \< 0.05; \*\*, *P* \< 0.01; Student\'s *t*‐test.](TCA-11-1801-g003){#tca13450-fig-0003}

![miR‐449b‐5p suppresses the expression of HSPA1A by targeting the mRNA 3′‐UTR of HSPA1A. (**a** and **b**) The BRCA cell lines MDA‐MB‐231 (**a**) and MCF‐7 (**b**) were transfected with miR‐449b‐5p or control 12 hours before the irradiation treatment. Then, 36 hours after the irradiation, total RNA and protein were extracted. The mRNA and protein levels of HSPA1A were detected by real‐time PCR and western blot analysis, respectively. (**c** and **d**) The BRCA cell lines MDA‐MB‐231 (**c**) and MCF‐7 (**d**) were transfected with the miR‐449b‐5p inhibitor or control 12 hours before the irradiation treatment. A total of 36 hours after the irradiation, total RNA and protein were extracted. The mRNA and protein levels of HSPA1A were detected by real‐time PCR and western blot analysis, respectively. Data are shown as mean ± SD of three independent experiments. Statistical significant differences are indicated: \*, *P* \< 0.05; \*\*, *P* \< 0.01; \*\*\*, *P* \< 0.001; Student\'s *t*‐test.](TCA-11-1801-g004){#tca13450-fig-0004}

HOTAIR facilitates expression of HSPA1A by sequestering miR‐449b‐5P {#tca13450-sec-0015}
-------------------------------------------------------------------

On the basis of the aforementioned bioinformatics prediction, we further assessed the sponging effect of HOTAIR on miR‐449b‐5p in irradiated BRCA cells. Initially, we assayed the data of qRT‐PCR and found that the expression levels of HOTAIR were inversely associated with those of miR‐449b‐5p in 20 cases of clinical BRCA tissues (R = −0.5407, *P* \< 0.05, Pearson\'s correlation, Fig [5](#tca13450-fig-0005){ref-type="fig"}a), implying a potential interaction between HOTAIR and miR‐449b‐5p in BRCA cells. Further, real‐time PCR analysis demonstrated that overexpression of HOTAIR inhibited the levels of miR‐449b‐5p dose‐dependently in 10 Gy‐treated MDA‐MB‐231 and MCF‐7 cells (Fig [5](#tca13450-fig-0005){ref-type="fig"}b,c). Likewise, the overexpression of miR‐449b‐5p restrained the expression of HOTAIR dose‐dependently, whereas the interference with miR‐449b‐5p by its inhibitors achieved the opposite effect in 10 Gy‐irradiated MDA‐MB‐231 cells (Fig [5](#tca13450-fig-0005){ref-type="fig"}d,e), suggesting that the interaction between HOTAIR and miR‐449b‐5p cause the downregulation of each other. To confirm whether HOTAIR promotes the expression of HSPA1A by sequestering miR‐449b‐5p, we constructed the mutant of HOTAIR (HOTAIR‐449b‐mut) by introducing a substitution of the complementary pairing nucleotides into the binding region of miR‐449b‐5p and performed luciferase reporter gene assays (Fig [3](#tca13450-fig-0003){ref-type="fig"}b). The data showed that while miR‐449b‐5p impaired the luciferase activities of pGL‐HSPA1A, overexpression of HOTAIR rescued it. Reversely, HOTAIR‐449b‐mut failed to work (Fig [5](#tca13450-fig-0005){ref-type="fig"}f). Additionally, the effect of HOTAIR or HOTAIR‐449b‐mut on the expression of HSPA1A at the protein level in irradiated MDA‐MB‐231 cells was similar to above (Fig [5](#tca13450-fig-0005){ref-type="fig"}g). Collectively, we concluded that HOTAIR was capable of upregulating the expression of HSPA1A by sequestering miR‐449b‐5p post‐transcriptionally.

![HOTAIR facilitates the expression of HSPA1A by sequestering miR‐449b‐5P. (**a**) The correlation between the levels of miR‐449b‐5p and HOTAIR in 20 cases of clinical BRCA tissues were tested by real‐time PCR and assayed by Pearson\'s correlation (R = −0.5407, *P* \< 0.05). (**b** and **c**) The BRCA cell lines MDA‐MB‐231 (**b**) and MCF‐7 (**c**) were transfected with pcDNA3.1 or pcDNA3.1‐HOTAIR 12 hours before 10 Gy irradiation treatment. Total RNA was extracted and polyadenylated by poly (A) polymerase 36 hours after the irradiation. The effects of HOTAIR on the expression of miR‐449b‐5p were monitored by real‐time PCR analysis. (**d** and **e**) The BRCA cell line MDA‐MB‐231 was transfected with Ctrl/50 nM of miR‐449b‐5p/ 100 nM of miR‐449b‐5p (**d**) or Ctrl/50 nM of miR‐449b‐5p inhibitor/100 nM of miR‐449b‐5p inhibitor (**e**) 12 hours before 10 Gy irradiation treatment. Total RNA was extracted 36 hours after the irradiation. The effects of miR‐449b‐5p on the expression of HOTAIR were monitored by real‐time PCR analysis. (**f**) The BRCA cell line MDA‐MB‐231 was cotransfected with pGL‐HSPA1A, pRL‐TK plus Ctrl/miR‐449b‐5p/miR‐449b‐5p + HOTAIR/miR‐449b‐5p + HOTAIR‐449b‐mut 12 hours before 10 Gy irradiation treatment. The luciferase activities of pGL‐HSPA1A were measured 36 hours later by luciferase reporter gene assays. (**g**) The BRCA cell line MDA‐MB‐231 was transfected with Ctrl/miR‐449b‐5p/miR‐449b‐5p + HOTAIR/miR‐449b‐5p + HOTAIR‐449b‐mut 12 hours before 10 Gy irradiation treatment. Total proteins were extracted 36 hours later. The protein levels of HSPA1A were detected by western blot analysis, respectively. Data are shown as mean ± SD of three independent experiments. Statistical significant differences are indicated: \*, *P* \< 0.05; \*\*, *P* \< 0.01; \*\*\*, *P* \< 0.001; NS, no significance; Student\'s *t*‐test.](TCA-11-1801-g005){#tca13450-fig-0005}

HOTAIR enhances growth of irradiated‐BRCA cells through miR‐449b‐5p/HSPA1A axis in vitro and in vivo {#tca13450-sec-0016}
----------------------------------------------------------------------------------------------------

To examine whether HSPA1A is implicated in the HOTAIR‐mediated radioresistance of BRCA cells, we performed a CCK‐8 assay in MDA‐MB‐231 cells. The expression of HSPA1A at mRNA and protein levels was determined by qRT‐PCR and western blot analysis after 10 Gy ionizing radiation (IR) treatment (Fig [6](#tca13450-fig-0006){ref-type="fig"}a). Overexpression of HOTAIR fought against the cytotoxicity induced by irradiation; however, transfection of miR‐449b‐5p or si‐*HSPA1A* suppressed HOTAIR‐derived radioprotection of BRCA cells (Fig [6](#tca13450-fig-0006){ref-type="fig"}b). In line with the results of the CCK‐8 assay, colony formation and EdU assays confirmed the effects (Fig [6](#tca13450-fig-0006){ref-type="fig"}c,d).

![HOTAIR enhances the proliferation of irradiated‐BRCA cells through HSPA1A in vitro. The grouping of the test was as follows: Ctrl, IR (10 or 6 Gy), IR (10 or 6 Gy) + HOTAIR, IR (10 or 6 Gy) + HOTAIR+miR‐449b‐5p and IR (10 or 6 Gy) + HOTAIR+si‐*HSPA1A*. (**a**) The expression of HSPA1A at mRNA and protein levels in MDA‐MB‐231 cells from each group was assessed by real‐time PCR and western blot analysis, respectively. (**b**) The cell viability of MDA‐MB‐231 cells from each group was determined by CCK‐8 assay. (![](TCA-11-1801-g032.jpg "image")) Ctrl, (![](TCA-11-1801-g033.jpg "image")) IR 10 Gy, (![](TCA-11-1801-g034.jpg "image")) IR 10 Gy + HOTAIR, (![](TCA-11-1801-g035.jpg "image")) IR 10 Gy + HOTAIR+miR‐449b‐5p, (![](TCA-11-1801-g036.jpg "image")) IR 10 Gy + HOTAIR + si‐*HSPA1A* (**c** and **d**) The proliferative ability of MDA‐MB‐231 cells from each group was validated by colony formation assay (**c**) and EdU incorporation assay (**d**, scale bar, 30 μM), respectively. The colony formation efficiency and percentage of EdU positive cells were calculated. Data are shown as mean ± SD of three independent experiments. Statistical significant differences are indicated: \*, *P* \< 0.05; \*\*, *P* \< 0.01; \*\*\*, *P* \< 0.001; NS, no significance; Student\'s *t*‐test.](TCA-11-1801-g006){#tca13450-fig-0006}

On the basis of the in vitro data, we further verified the conclusion in vivo using a tumor xenograft model. Consistently, we found that the growth curve, terminal volume and weight of the xenografts receiving IR treatment decreased markedly compared with the control group, but overexpression of HOTAIR erased irradiation‐induced tumor inhibition. In addition, overexpression of miR‐449b‐5p or silence of HSPA1A abolished the tumorous radioresistance strengthened by HOTAIR (Fig [7](#tca13450-fig-0007){ref-type="fig"}a--c). Meanwhile, we validated the expression of HSPA1A and miR‐449b‐5p in tumor tissues. As expected, the expression levels of HSPA1A, both at the mRNA and protein levels, and HOTAIR, elevated in the HOTAIR‐overexpression group, rather than in HOTAIR+miR‐449b‐5p or HOTAIR+si‐HSPA1A group, which might be the consequence of the impaired tumorigenicity (Fig [7](#tca13450-fig-0007){ref-type="fig"}d--f). The expression trend of miR‐449b‐5p was opposite to HSPA1A (Fig [7](#tca13450-fig-0007){ref-type="fig"}g), suggesting that HOTAIR enhances the growth of BRCA cells under irradiation‐stress through miR‐449b‐5p/HSPA1A signaling. In addition, we tested the expression of Ki‐67, a cell proliferative marker, in the tumor tissues from each group. Results of IHC assay manifested that HOTAIR overexpression reversed the IR‐caused Ki‐67 inhibition effect, HOTAIR+miR‐449b‐5p or HOTAIR+si‐HSPA1A restored it instead, implying that miR‐449b‐5p and HSPA1A participate in the HOTAIR‐enhanced growth of BRCA cells with IR‐treatment (Fig [7](#tca13450-fig-0007){ref-type="fig"}h). To summarize, we concluded that HOTAIR contributed to the radioresistance of BRCA cells involving miR‐449b‐5p and HSPA1A in vitro and in vivo.

![HOTAIR enhances the growth of irradiated‐BRCA cells through HSPA1A in vivo. MDA‐MB‐231 cells were grouped as the following treatment: Ctrl‐1, Ctrl‐2, HOTAIR, HOTAIR+miR‐449b‐5p and HOTAIR+si‐*HSPA1A*. The aforementioned cells were injected subcutaneously into the first mammary fat pad in the armpit of nude mice. Five days of consecutive 2 Gy IR‐treatment was applied to the tumors from Ctrl‐2, HOTAIR, HOTAIR+miR‐449b‐5p and HOTAIR+si‐*HSPA1A* groups when the tumors reached 100 mm^3^. The tumor volume was recorded during the tumorigenicity process every five days. (**a**) The growth curves of tumors from each group are presented. (![](TCA-11-1801-g037.jpg "image")) Ctrl, (![](TCA-11-1801-g038.jpg "image")) IR, (![](TCA-11-1801-g039.jpg "image")) IR + HOTAIR, (![](TCA-11-1801-g040.jpg "image")) IR + HOTAIR + miR‐449b‐5p, (![](TCA-11-1801-g041.jpg "image")) IR + HOTAIR + si‐*HSPA1A* (**b** and **c**) The image of excised tumors and tumor weights of each group are presented. (**d**--**g**) The expression levels of HSPA1A mRNA and protein (**d** and **e**), HOTAIR (**f**) and miR‐449b‐5p (**g**) were quantified by real‐time PCR or western blot analysis. (**h**) The expression levels of Ki‐67 in tumor tissues were examined by IHC staining. Scale bar, 20 μM. Data are shown as mean ± SD of three independent experiments. Statistical significant differences are indicated: \*, *P* \< 0.05; \*\*, *P* \< 0.01; \*\*\*, *P* \< 0.001; Student\'s *t*‐test.](TCA-11-1801-g007){#tca13450-fig-0007}

Discussion {#tca13450-sec-0017}
==========

Ionizing radiation which plays a central part in cancer therapy often debases its curative effects when radiation resistance emerges.[37](#tca13450-bib-0037){ref-type="ref"}, [38](#tca13450-bib-0038){ref-type="ref"} The expression alteration of various biomolecules including tumor‐promoting/suppressing proteins and non‐coding RNAs contributes to the resistant phenotypes. LncRNAs are involved in a series of physiologic and pathologic processes. It has been previously reported that the dysregulation of lncRNAs is associated with the development, metastasis as well as prognosis of cancer.[39](#tca13450-bib-0039){ref-type="ref"}, [40](#tca13450-bib-0040){ref-type="ref"} In this study, we were curious about the role of lncRNA HOTAIR in the radioresistance of breast cancer.

To understand the significance of HOTAIR in breast cancer, we first searched the GEPIA dataset for the expression profile of HOTAIR and the relationship between HOTAIR and breast cancer malignancy. Results showed that the expression level of HOTAIR was higher in BRCA than that in normal breast tissues and it was positively related to BRCA malignancy. In parallel, we evaluated the expression pattern of HOTAIR in clinical BRCA and normal breast samples and verified the online data. Meanwhile, we validated that the expression level of HOTAIR was inversely correlated with the radiosensitivity of BRCA cells by experimental approaches. Thus, the data indicate that HOTAIR endows breast cancer with radiation resistant ability. Next, we tried to clarify the underlying mechanism by which HOTAIR causes radioresistance of BRCA. Given that IR is a typical stress stimuli to the organisms, we speculated that HOTAIR might exert the radioresistant function through targeting the hot shock proteins which respond to various ambient challenges.[29](#tca13450-bib-0029){ref-type="ref"} HSPA1A, a major stress‐inducible member of this family, attracted us by its overexpression in a large variety of tumor types. Intriguingly, we affirmed that HSPA1A was also positively related to BRCA malignancy from both online and experimental data. Moreover, the expression levels of HSPA1A and HOTAIR exhibited a positive correlation in clinical BRCA tissues and HOTAIR promoted the expression of HSPA1A in irradiated BRCA cells, suggesting that HSPA1A mediates the radioresistance property triggered by HOTAIR. On the basis that lncRNAs can act as miRNA sponges to accelerate the progression of cancers, we identified miRNA (miR‐449b‐5p) targeted the 3′‐UTR of HSPA1A mRNA by bioinformatic and experimental approaches. Of note, HOTAIR could interact with miR‐449b‐5p through complementary pairing fashion. The interaction between HOTAIR and miR‐449b‐5p led to the downregulation of each other in irradiated BRCA cells. Importantly, the HOTAIR‐mediated downregulation of miR‐449b‐5p resulted in the elevation of HSPA1A expression. Thus, we illustrate the mechanism by which HOTAIR modulates the expression of the stress‐induced protein HSPA1A under IR condition. Functionally, we revealed that HOTAIR was capable of facilitating the acquisition of radioresistant phenotype of BRCA cells through upregulating HSPA1A in vitro and in vivo, in which miR‐449b‐5p was involved. Therapeutically, HOTAIR and HSPA1A may serve as potential targets in the radioactive treatment of BRCA.

In this study, we identified the regulation axis of HOTAIR/miR‐449b‐5p/HSPA1A implicated in BRCA radioresistance occurrence, and confirmed it from the online bioinformatics, the clinic, and last the in vitro/in vivo experimental aspects, which make our study solid. To find the eventual executive protein of HOTAIR‐mediated radiation resistance, we set out from the stress stimulation effects of irradiation and chose HSPA1A as the target protein for its stress‐responsive efficacy with definite oncogenic role, and fortunately we were able to affirm the modulating association between HOTAIR and HSPA1A in multiple ways. Then, in the process of identifying the miRNA sponge which mediates the connection of HOTAIR and HSPA1A, four miRNAs (miR‐449a‐5p, miR‐449b‐5p, miR‐34a‐5p and miR‐34c‐5p) attracted us initially both for their potent complementary base pairing‐based binding to the 3′‐UTR of HSPA1A mRNA as well as to HOTAIR and the clearly reported tumor‐suppressive function. Nevertheless, the other three except miR‐449b‐5p were excluded because the experimental exploration did not show a consistent result with the prediction data in this project. Therefore, we selected miR‐449b‐5p as the link miRNA between HOTAIR and HSPA1A. Intriguingly, the following data verified that. An intricate modulating network, consisting of other miR‐449b‐5p target genes and HOTAIR‐sponging miRNAs as well as other lncRNAs, is intertwined in the radiation sensitivity regulation of breast cancer.[41](#tca13450-bib-0041){ref-type="ref"}, [42](#tca13450-bib-0042){ref-type="ref"} Given miR‐449b‐5p targets FOXP1,[25](#tca13450-bib-0025){ref-type="ref"} E2F3,[43](#tca13450-bib-0043){ref-type="ref"} TGF‐β,[44](#tca13450-bib-0044){ref-type="ref"} HMGB1[45](#tca13450-bib-0045){ref-type="ref"} and SOX4,[46](#tca13450-bib-0046){ref-type="ref"} *et al*. and HOTAIR sponges miR‐29b,[47](#tca13450-bib-0047){ref-type="ref"} miR‐126,[48](#tca13450-bib-0048){ref-type="ref"} miR‐520b,[49](#tca13450-bib-0049){ref-type="ref"} miR‐148b[50](#tca13450-bib-0050){ref-type="ref"} and miR‐196a,[51](#tca13450-bib-0051){ref-type="ref"} *et al*. we only focused on the stress effects of γ‐irradiation and identified hot shock protein HSPA1A as the terminal target of HOTAIR, then miR‐449b‐5p connecting HOTAIR and HSPA1A was discovered. Together, we just illustrated HOTAIR/miR‐449b‐5p/HSPA1A signaling as one of novel axes among the network regulating radiosensitivity of BRCA, and giving a partial view of HOTAIR‐implicated BRCA radiation resistance in this study. Of note, other underlying mechanisms need to be clarified further.

The lncRNA HOTAIR plays pivotal roles in the development of BRCA. For example, it has been reported that HOTAIR promotes invasion of breast cancer cells through chondroitin sulfotransferase CHST15.[52](#tca13450-bib-0052){ref-type="ref"} HOTAIR can act as "scaffold" between HBXIP and LSD1 to mediate transcriptional activation function of c‐Myc.[53](#tca13450-bib-0053){ref-type="ref"} Clinically, HOTAIR enhances estrogen receptor signaling and confers tamoxifen resistance in breast cancer.[54](#tca13450-bib-0054){ref-type="ref"} TGF‐β1/HOTAIR axis can serve as a target in breast cancer treatment.[55](#tca13450-bib-0055){ref-type="ref"} Accordingly, the oncogenic function of HOTAIR in other reports is consistent with our findings here, which supports our conclusion that HOTAIR confers the radiation resistance on breast cancer.

Numerous studies have shown that miR‐449b‐5p acts as a significant tumor suppressor gene in various cancer types, including breast cancer, liver cancer, prostate cancer, cervical cancer, nasopharyngeal carcinoma and pediatric acute lymphoblastic leukemia.[25](#tca13450-bib-0025){ref-type="ref"}, [56](#tca13450-bib-0056){ref-type="ref"}, [57](#tca13450-bib-0057){ref-type="ref"}, [58](#tca13450-bib-0058){ref-type="ref"}, [59](#tca13450-bib-0059){ref-type="ref"}, [60](#tca13450-bib-0060){ref-type="ref"}, [61](#tca13450-bib-0061){ref-type="ref"}, [62](#tca13450-bib-0062){ref-type="ref"}, [63](#tca13450-bib-0063){ref-type="ref"} Notably, it is implicated in the occurrence of chemotherapy and radiotherapy.[59](#tca13450-bib-0059){ref-type="ref"} In this study, we clarify the role of miR‐449b‐5p in HOTAIR‐mediated radiation resistance of breast cancer, making a supplement for the tumor‐suppressive function of miR‐449b‐5P.

Previous studies have demonstrated that HSPA1A participates in the cancerous networks. It is involved in the lethal oxidative and mitochondria toxic stress of the apoptotic elimination of malignant melanoma cells.[64](#tca13450-bib-0064){ref-type="ref"} Extracellular HSPA1A promotes the growth of hepatocarcinoma by augmenting tumor cell proliferation and apoptosis‐resistance.[65](#tca13450-bib-0065){ref-type="ref"} It interacts with KIAA0100 gene to modulate cancer cell aggression behavior of breast cancer cell MDA‐MB‐231.[66](#tca13450-bib-0066){ref-type="ref"} Here, we first report that HSPA1A partakes in the HOTAIR‐radioresistance axis in breast cancer.

As the first‐line treatment option for BRCA, the efficacy of radiotherapy remains limited and plagued by the emergence of radiation resistance, which aggravates prognosis.[67](#tca13450-bib-0067){ref-type="ref"} Breast cancer is heterogeneous and is usually divided into four molecular subtypes based on the ER/PR/HER2 status clinically. Studies have synthetically showed that HOTAIR is responsible for the malignancy of HER2‐subtypes,[68](#tca13450-bib-0068){ref-type="ref"}, [69](#tca13450-bib-0069){ref-type="ref"}, [70](#tca13450-bib-0070){ref-type="ref"}, [71](#tca13450-bib-0071){ref-type="ref"} coincidentally, our data showed that the expression level of HOTAIR in SKBR‐3, which is affiliated to the HER2+ subtype, is the lowest among the six BRCA cell lines covering the four types. Therefore, we selected another two cell lines, MCF‐7 and MDA‐MB‐231, which harbor the relative higher levels of HOTAIR to SKBR‐3, as the main vehicle in the subsequent study. To evaluate the in vivo effect of HOTAIR/miR‐449b‐5p/HSPA1A signal on radiosensitivity of BRCA, we established a xenograft mouse model by injecting cells into the fat pad, which is the alternative model used in breast cancer tumorigenicity assessment,[72](#tca13450-bib-0072){ref-type="ref"}, [73](#tca13450-bib-0073){ref-type="ref"}, [74](#tca13450-bib-0074){ref-type="ref"} and performed local irradiation treatment simulating the clinical regimen when a tumor lump is initially formed. Yet, given the immune deficiency of the athymic nude mice, utilizing this model for radiation study may just partially retain the impact of radiation on immune system and thereby influence the evaluation of the real tumorous radiosensitivity existing in human body. It is still necessary to exploit other breast cancer animal models, such as the chemical induced model, patient‐derived xenograft (PDX) model and transgenic mouse model, develop novel animal models, or even acquire clinical support to make the conclusions obtained in this study more robust. Collectively, we conclude that HOTAIR endows breast cancer with radioresistance in which miR‐449b‐5p and HSPA1A is involved.

In summary, our findings demonstrate that HOTAIR can boost the radioresistance of breast cancer by upregulating HSPA1A in vitro and in vivo. Mechanistically, miR‐449b‐5p is able to hinder the expression of HSPA1A via targeting the mRNA 3′‐UTR of HSPA1A, whereas HOTAIR is capable of sponging miR‐449b‐5p, resulting in the recovery of HSPA1A expression under the irradiation condition. LncRNA HOTAIR and HSPA1A may serve as therapeutic targets in the treatment of breast cancer. Thus, our findings shed new light on the mechanism by which lncRNAs modulate tumorous radiosensitivity.
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**Figure S1** HOTAIR endows breast cancer with radiation resistance. (a) The expression levels of HOTAIR in 20 cases of breast tumor tissues and the adjacent normal tissues were detected by qRT‐PCR analysis (*P* \< 0.001, Wilcoxon\'s signed‐rank test) (b) The colony formation efficiency of T47D and SKBR‐3 receiving a 6 Gy γ‐irradiation treatment were calculated. (c and d) The time‐ (c) or dose‐ (d) dependent radiosensitivities of BRCA cell lines affiliated to different molecular subtypes (MDA‐MB‐231, triple‐negative breast cancer; MCF‐7, Luminal A; BT‐474, Luminal B; and SKBR‐3, HER2‐enriched) were tested by CCK‐8 assay after the cells were exposed to γ‐irradiation. The relative radiosensitivity differences were compared by the ratio of (OD (IR)/OD (No‐IR) % at each time or dose point. (e and f) MCF‐7 cells were transfected with pcDNA3.1/pcDNA3.1‐HOTAIR (e) or siRNA Ctrl/si‐HOTAIR (f) 12 hours before the irradiation treatment, CCK‐8 assay was used to measure the cell viability after 0, 15, 20 and 25 Gy irradiation treatment. (g) The colony formation efficiency of MCF‐7 transfected with pcDNA3.1 + siRNA Ctrl/pcDNA3.1‐HOTAIR/si‐HOTAIR 12 hours before the 6 Gy irradiation treatment were calculated. Data are shown as mean ± SD of three independent experiments. Statistical significant differences are indicated: \*, *P* \< 0.05, \*\*\*, *P* \< 0.001; Student\'s *t*‐test
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Click here for additional data file.
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